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(54) METHOD OF DETECTING HUMAN CYTOCHROME P4502D6 GENE POLYMORPHISM 

(57) The present invention provides a method of 
detecting a polymorph of the human cytochrome P450 
2D6 gene which comprises detecting the occurrence, in 
exon 9 of the human cytochrome P450 2D6 (CYP2D6) 
gene, of an insertion of a repetition of the 9 fc>as6S 
TCACCCGTG. 



According to the method of the present invention, It 
is possible to detect a novel GYP2D6 polymorph that 
has not yet been reported. 



Fig. 3 
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Description 

TECHNICAL FIELD 

The present invention relates to a method of diag- s 
nosing genes for drug metabolism-associated enzymes 
and, more particularly, to a novel method of detecting a 
polymorph of the cytochrome P450 2D6 (hereinafter 
abbreviated as CYP2D6) gene. 

10 

BACKGROUND ART 

Human cytochrome P450 (P450) is an enzyme per- 
forming such important functions as detoxication and 
metabolic activation of drugs or exogenous materials i6 
and biosynthesis of steroid hormones and bile acid. 
CYP2D6 is one of the molecular species of said P450 
and is involved in particular in the metabolism of a 
number of drugs of clinical therapeutk; importance So 
far, as many as 26 kinds of drugs such as the antihyper- so 
tensives debrisoquin and propafenone, the p-blocker 
propranolol, the tricyclic antidepressant imipramine, etc. 
have been reported to serve as specific substrates for 
said GYP2D6 [Eichelbaum. M, and Gross. A. S., Clin. 
Phannac. Ther. 4£. 377-394 (1990)]. 2S 

On the other hand, it has been revealed tfiat poly- 
morphism exists of said CYP2D6. It is reported that in 
poor metabolizers (hereinafter abbreviated as PMs), a 
drug administered at a usual dose may produce an 
excessive effect (unwanted effect) because of a high 3o 
blood level of the drug being maintained in them. The 
polymorphism of CYP2D6 differs among races and the 
percentage of PMs among Europeans and Americans 
is 5 to 10% [Kimura, S., Umeno, M., Skoda. R. C, 
Meyer. U. A. and Gonzalez. F. J., Am. J. Hum. Genet.. 3S 
45. 889-904 (1989)] while, among Japanese, the per- 
centage is as low as 0 to 2% [Yokota, T. Tamura. S.. 
Furuya. H.. Kimura, S., Watanabe. M. Kanazawa, I., 
Kondo. I. and Gonzalez, F. J., Pharmacogenetics i 
256-263 (1993)]. Therefore, if a new drug prior to 4o 
approval is a specific substrate for CYP2D6, it it quite 
possible that some sernus adverse effect be over- 
looked in the stage of clinical investigation because of 
its low frequency among PMs but, after marketing, man- 
ifest itself. As far as Japanese are concerned, particular 45 
care should be taken in this respect [Kamataki, Tetsuya. 
TDM Kenkyu, IQ, 2-7 (1993)]. 

Gene analyses recently made concerning CYP2D6 
in Europeans and Americans revealed that mutations in 
the CYP2D6 gene are the causes of the above-men- 50 
tioned polymorphism of CYP2D6 [Gonzalez, F J. and 
Meyer. U. A.. Clin. Pharmac. "mer.. 5Q. 233-238 (1991); 
Heim. M. and Meyer, U. A., Lancet. 336, 529-532 
(1990); Smith, C. A. D., Gough, A. C, Leigh. P. N.. Sum- 
mers. B. A., Harding, A. E.. Maranganore, D. M., Stur- 65 
man, S. G.. Schapira, A. H. V.. Williams, A. C, Spunr. N. 
K. and Wolf, C. R.. Lancet. 339. 1373-1377 (1992)]. 
Thus, while the CYP2D6 gene consists of 9 axons, 
there are reportedly three mutations, namely type A 



mutation consisting in one base substitution in exon 5 at 
2637th position of the genomic DNA, type B mutation 
consisting in one base substitution in exon 4 at the 
exon-intron Junction of 1 934th positbn and type D muta- 
tion consisting in complete deletion. It has been 
revealed that these mutations and deletion result in a 
marked impairment of the metabolic ability. 

Anwng the CYP2D6 mutations mentioned above, 
the type A and type B mutations estinnably account for a 
very high percentage. According to a report. 95% of 
PMs among Europeans and Americans can be 
explained in terrr^ of both the mutations merrtioned 
above [Daly A. K.. Armstrong. M.. Monkman, S. C. Idle. 
M. E. and Idle, J. K., Pharmacogenetics. L 33-41 
(1991)]. Another report says that 75% of PMs among 
Europeans and Americans fan under the type B muta- 
tion and 5 to 1 1% under the type A mutation [Gonzalez. 
F J., etaL.flB. eit.]. 

As regards Japanese, however, the frequencies of 
these mutations are so low ttiat the relevant studies 
have iittie advances. 

DISCLOSURE QFTHg INVgNTIQN 

The present Invention reveals a novel mutation of 
the CYP2D6 gene and it is an object of the present 
invention to provkie a novel method of detecting such a 
polymorph of the CYP2D6 gene. In particular, it is an 
object of the present invention to develop a detectic»i 
method of the above kind which is simple and expedient 
and can d^ect a novel form involved in the polymor- 
phism of the CYP2D6 gene with high sensitivity and 
accuracy using small amounts of DNA samples. 

To attain the above objects, tiie present inventors 
made an analysis of the CYP2D6 gene in Japanese 
PMs as well as a genealogical analysis. As a result, they 
discovered a novel gene polymorph useful for the above 
objects and succeeded In developing a detection tech- 
nology therefor, and have now completed the present 
invention. 

Thus, the present invention is concerned with a 
mettwd of detecting one of ttie polynrorphic forms of the 
CYP2D6 gene which comprises detecting the occur- 
rence, in exon 9 of the CYP2D6 gene, of an inserted 
sequence composed of a r^^etition of the nine base 
subsequence TCACCCGTG. 

In the present specificatk>n, the amino ackJ and 
base sequences are represented in terms of those 
abbreviations tiiat are reconvnended by the lUPAC-lUB 
or are in common or kJiomatic use in tiie relevant field of 
art and tiie bases are numbered in accordance with tiie 
CYP2D6 genomic DNA [the notation by Yokota, T, et 
a!., og. cit.]. 

The novel type of mutation as revealed by tiie 
present invention is characterized by the occunrence of 
an Inserted sequence composed of a repetition of tiie 
nine base subsequence TCACCCGTG in the 4213th 
position, namely in exon 9, of the CYP2D6 gene. 

The metiiod of tfie present invention is not limited to 
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any particular technique or means provided that such 
particular mutation can be detected thereby. Thus, any 
of various methods and techniques which are conven- 
tional can widely be employed. Since the gene mutation 
to be detected has thus been identified and specified by 
the present invention, it will be easy to the one skilled in 
the art to select an adequate technique for the detection 
thereof in accordance with the disclosure of the present 
application. For instance, the method of the present 
invention may consist in, and of course includes, the 
base sequence analysis at the site specified above. The 
Southern hybridization technique or dot hybridization 
technique [for each technique: Southern. E. M., J. Mol. 
Biol., 9& 503-517 (1 975)] may also possibly be a proper 
choice. For exanple, the PGR (polymerase chain reac- 
tion)- RFLP (restriction fragment length polymorphism) 
method, the PCR-single strand conformation polymor- 
phism method [Orita. M., Iwahana, H., Kanazawa. H.. 
Hayashi, K. and Sekiya. T. Proc. Natl. Acad. Sci., U. S. 
A.. Se. 2766-2770 (1989)], the PCR^SO (specific 
sequence oligonucleotide) method, and the ASO (allele 
specific oligomer) method using the PCR-SSO and dot 
hybridization techniques [Saiki. R. K., Bugawan, T. L., 
Horn, Q. T, Mullis. K. B. and Eriich, H. A., Nature, 324. 
163-166 (1986)], among others, can be foltowed. 

In particular, the above-mentioned RFLP technique 
may be mentioned as a preferred one to be employed In 
the practice of the present Invention and, particularly 
when said technique Is combined with the DNA amplifi- 
cation technique utilizing the PGR. it is possible to 
detecting said polymorph in a simple and easy manner 
with high sensitivity and accuracy using only sn^ll 
amounts of DNA samples. Hereinafter, taking this 
detection metiiod (PCR-RFU* method) as an example, 
the present invention is described in further detail. 

Various procedures employable in the detection 
method according to the present invention, for example 
chemical synthesis of certain DNAs, enzymatic treat- 
ment for DNA cleavage, deletion, addition or ligation, 
DNA isolation, purification, replication, selection and so 
forth, can each be carried out in the conventional man- 
ner [e.g. Bunshi Idengaku Jikkenho (Experiments in 
Molecular Genetics), published 1983 by Kyoritsu Shup* 
pan; PGR Technology, published 1990 by Takara 
Shuzo]. Thus, for instance. DNA can be isolated and 
purified by agarose gel electrophoresis or the like, and 
DNA can be sequenced by the dideoxy method 
[Sanger. F, Nicklen. S. and (^uteon, A. R., Proc. Natl. 
Acad. Sci.. U.S.A., 74. 5463-5467 (1977)], the Maxam- 
Gilbert mettiod [Maxam, A. M. and Gilbert, W., Methods 
in Enzymdogy. ^ 499-560 (1980)]. etc. Said DNA 
base sequence determination may also be readily per- 
formed by using commercially available sequencing kits 
or the like. The PGR for amplifying a certain specific 
region of DNA, too, can be performed in the conven- 
tional manner [e.g. Saiki. R. K.. Schart, S.. Faloona. F. 
A., Mullis. K. B.. Horn. G. T, Eriich. H. A. and Arnheim. 
N.. Science, 23Q. 1350-1354 (1985)]. These various 
basic procedures are also empk>yed in various refer- 



ences cited herein and reference is hereby made 
ttiereto together with the examples mentioned later 
herein. 

As for the genomk; DNA to be subjected to analysis 

5 by the detection method of the present invention, any 
human-derived sample containing said DNA can be 
empk}yed without any particular limitatioa As exam- 
ples, there may be mentioned body fluids such as blood, 
bone marrow fluid, semen and peritoneal fluid, liver and 

10 other tissue cells, and body hair such as hair on the 
head, among others. Genomic DNA can be prepared by 
extracting and purifying from these samples by the con- 
ventional method. Goncentrated test samples can be 
obtained in large quantities by amplifying, based on said 

16 genomic DNA, a certain DNA region containing tiie site 
of mutatbn with which the present invention Is con- 
cerned. This is realized, for example by the PGR tech- 
nkjue, empbying primers adequately designed so that 
the GYP2D6 gene alone, inclusive of tiie above-men- 

20 tioned inserted portion in axon 9. can be specifically 
amplified. Such primers can be designed l>y ttie conven- 
tional method. The base length of the region to be 
amplified, for instance, is not critical but, generally, it 
may have a length of about 1 00 bp to akx>ut 500 bp. The 

25 DNA region to be amplified is selected so that it con- 
tains an arbitrary restriction enzyme site which can suit- 
ably be used in the subsequent RFLP step. Said region 
can be art)itrariiy selected provided that the cleavage 
fragment obtained upon treatment of tiie DNA region 

30 with said enzyme can provide a difference in length 
which enables tiie detection by comparison between 
the mutant gene and the normal (wlkj) gene. A preferred 
exanple of such primer designing is shown later herein 
in an example. The primers are a sense primer (9-S) 

35 and an antisense jximer (9-AS) and such designing 
makes it possible to specifically amplify the above-men- 
tioned desired region of CYP2D6 alone in distinctlOTi 
from the two pseudogenes CYP2D7 and GYP2D8 
highly honx)logous in t>ase sequence to GYP2D6. By 

40 designing such primers, desired DNA regions having a 
length of 334 bp (wild) or 343 bp (mutant) can be ampli- 
fied, which contain a desired unique restrictk>n enzyme 
site (St/I site) and, upon treabnent with tiie enzyme, 
give a cleavage fragment of 77 bp (wild) or 86 bp 

45 (mutant) and a common fragment of 257 bp. 

The desired DNA region thus amplified by PGR can 
readily be tested for detection and kientificatlon of the 
mutation contained therein by enploying the Southern 
blot or gel electrophoresis techn'que, for instance, for 

50 RFLP detection. Said desired DNA region Is subjected 
to treatment (digestion) with tiie above-mentioned ade- 
quately selected resti'iction enzyme and the cleavage 
fragments formed are identified as specific bands by tiie 
conventional method. 

56 Based on the pattern of the bands obtained in the 
above manner, the CYP2D6 gene polymorph (occur- 
rence of the mutation revealed by the present inventors) 
can be detected. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows the base sequences and occurring 
sites of the primers designed and corretructed in Refer- 
ence Example 2 (1). ^ 

Fig, 2 shows the t>ase sequences and occurring 
sites of the primers designed and constricted in Exam- 
ple 1(1). 

Fig. 3 shows an electrophoretogram obtained by 
the method shown in Example 1 for a PM and an EM as io 
well as the bases of the 9-base insertion observed as a 
result. 

Fig. 4 shows the base sequences and the sites of 
occurrence of the primers designed and constructed in 
Example 2(1). 

Fig. 5 illustrates the judgment made in Example 2 
(3) based on the band length of the insertion in exon 9 
of the CYP2D6 gene. 

Fig. 6 is a schematic representation of the distinc- 
tion anrvong the types judged acoordng to the principle 20 
shown in Fig. 5. 

Fig. 7 shows the results obtained for a PM and the 
parents thereof according to Example 2. 



BEST MODES FOR CARRYING OUT THE INVEN- 
TION 
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The following examples illustrate the present inven- 
tion in further detail but are by no means limitative of the 
scope thereof. 

The abbreviations listed below are used for the rea- 
gents and other materials used in the respective exam- 
ples. The compositions are given in terms of 
concentrations or amounts per liter. When necessary, 
some n^terials were sterilized by autodaving (12rC, 35 
20 minutes) etc. 

- TE solution • • • 10 mM Tris-HCI (pH 7.5), 1 mM 
ethylene-diaminetetraacetic add disodium salt 
(EDTA) (pH 8.0); ^ 

' 20 x SSC • • • 3 M sodium chlor'rcle, 0.3 M sodium 
citrate; 

- 5 X Denhardt's solution • • ♦ 10 g Ficoll, 10 g poly- 
vinyi-pyaolictone, 10 g bovine serum albumin 
(BSA); ^5 

- 2 X Hybridization Ixjffer (pH 8.0) • • • 0.1 M Tris- 
HCI (pH 8.0), 2 M sodium chloride. 20 mM EDTA, 
0.2% sodium dodecyt sulfate (SDS); 

- SE solution • • • 10 mM Tris-HCI (pH 7.4), 50 mM 
EDTA, 0.5% N-lauroylsarcosine disodium salt; so 
Fromamide dye • • • 100 ml formamide, 0.1 g 
xylene cyand FF, 0.1 g bromophenol blue, 4 ml 0.5 

M EDTA; 

STE • • • 100 mM sodium chloride. 10 mM Tris- 
HCI (pH 7.5), 1 mM EDTA (pH 8.0): 56 

- LB medium • • • 1 g glucose. 5 g sodium chloride, 
5 g yeast extract, 10 g Bacto-tryptone; 

LBAmp* medum • • • 1 g glucose, 5 g sodium 
chloride, 5 g yeast extract. 10 g Bacto-tryptone, 



ampidllin (added, after autodaving, to a final con- 
centration of 25 ^g/ml): 

LBAmp* plate • • • the above LBAmp'*' medium 
supplemented with 1 1 g of agar; 
2 x TY medium • • * 16 g Bacto-tryptone. 10 g 
yeast extract. 5 g sodium chloride; 
2 X TY plate • • • the above 2 x TY medium supple- 
mented with 1 1 g of agar; 

10 X PCR buffer (pH 8.3) • • • 100 mM Tris-HQ 
(pH 6.3), 500 mM potassium chloride. 0.01% (w/v) 
gelatin, magnesium chloride (concentration thereof 
specified in each occasion in mM); 
H agar medium • • • 20 g Bacto-tryptone. 8 g 
sodium chloride. 12 g agar powder; 
• H top layer agar • • • 20 g Bacto-tryptone, 8 g 
sodium chloride. 8 g agar powder; 

- 10 X T4 DNA polymerase buffer (pH 8.8) • • • 667 
mM Tris-HCI {pH 8.8), 67 mM magnesium chloride, 
116 mM ammonium sulfate, 100 mM 2-mercap- 
toethanol. 67 \M EDTA. 0.167% BSA; 

- 10 X Denaturation buffer (pH 9.5) • • • 20 mM Tris- 
HC\ (pH 9.5), 1 mM spermidine, 0.1 mM EDTA; 

- 10 X Blunt end buffer • • • 0.5 M Tris-HCI (pH 9.5). 
0.1 M magnesium chloride, 0.1 M 2-mercaptoetha- 
nol; 

Labeling mix * • • 7.5 ^M deoocyguanosine 5 -tri- 
phosphate (dGTP). 7.5 |iM deoxycyitidine 5'-tri- 
phosphate (dCTP), 7.5 jiM deoxythymidine 5'- 
triphosphate(dTTP); 

- 40% Acrylamide stock solution • • • 38 g acryia- 
mide, 2 g bisacrylamide, purified water to make a 
total volume of 100 ml; 

- 10 X TBE (pH 8.3) • • • 108 g Tris, 55 g boric acid, 
9.3 g EDTA; 

- Gel A * - ' 76.8 g urea. 24 ml 40% acrylamide 
stock solution. 8 ml 10 x TBE. purified water to 
make a total volume of 160 ml; 

- Gel B • • • 14.4 g urea, 4.5 mi 40% acrylamide 
stock solution. 7.5 ml 10 x TBE, 3.0 g sucrose, 
bromophenol blue dye solution (10 mg/ml). purified 
water to make a total volume of 30 mi; 

- 10 X H solution • • • 500 mM Tris-HCI (pH 7.5), 100 
mM magnesium chloride. 10 mM dithiothreilol 
(DTT), 100 mM sodium chloride; 

- 10 X M solution • • - 100 mM Tris-HCI (pH 7.5), 
100 mM magnesium chloride. 1 0 mM DTT, 500 mM 
sodium chloride. 

Reference Example 1 

(1) Preparation of human peripheral blood genomic 
DNA 

Genomic DNA was prepared from human periph- 
eral blood in the following manner. TTius. 10 ml of 
human peripheral blood collected using the anticoagu- 
lant heparin was centrifuged at 3.000 rpm for 10 min- 
utes to give a buffy coat The same volume of a cold 
PBS was added to the buffy coat obtained and the same 
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cerrtrifugation prcx;edure was repeated 2 or 3 times. The 
buffer coat obtained was washed with 5 volumes of 
0.2% sodium ch!oride-5 mM EDTA and centrifuged at 
5.000 rpm for 10 minutes, and the sedinrtent was recov- 
ered. The washing procedure mentioned above was 
repeated until the hemoglobin color of the sediment dis- 
appeared. TE solution (0.5 ml) was added to the sedi- 
ment and, after attaining complete suspension, 2 ^il of 
ribonuclease A (RNase A. 10 mg/ml) and 100 nl of Acti- 
nase E (20 mg/ml) were added. After a resuspension 
procedure, 1.5 ml of SE solution was added, and the 
mixture was incubated at 37*'C for 2 hours and then 
diluted with 1 ml of TE solution. 

Then, an extraction procedure with a phenol-chlo- 
roform solution was repeated until no nnore protein layer 
appeared, finally followed by chlorofomi extraction. The 
extract was treated with a 1^0 volume of 5 M sodium 
chloride and 3 volumes of cdd ethanol to cause precip- 
itation. The thus-obtained DNA was washed with 70% 
ethanol. The genomic DNA obtained was dissolved in 
TE solution and assayed by measuring the absortjance 
at 260 nm (spectrophotometer: Shimadzu UV-160). 

(2) Southern Wot analysis using CYP2D6 cDNA 

The genomic DNA obtained above in (1) (8 ^g) was 
digested with the restriction enzyme EooRI or Xbal and 
electrophoresed on a 0.8% agarose gel in a pulsed field 
(using Toyo's Elepos PS-1510; 100 V. 2 seconds for- 
warcl, 0.6 second backward), followed by denaturation 
with 0.5 N sodium hydroxide-1 M sodium chloride solu- 
tion and 1 M Tris-HCI (pH 7.4)-1 M sodium chloride 
solution, each time with 30 minutes of neutralization. 
The gel was immersed in 20 x SSC for 30 minutes and 
DNA was transferred to a nylon membrane (Schleicher 
& Shuell) over 8 to 12 hours by the capillary method. 
The membrane was washed with 3 x SSC and baked at 
80**C lor 2 hours to cause fixation of DNA to the nylone 
membrane. 

The nylon membrane was blocked by incubating in 
prehybridization buffer (pH 8.0) (containing 1 x hybridi- 
zation buffer and 1 x Denhardt's solution) containing 
100 jig/mg of heat-denatured salmon sperm DNA at 
65*^0 for 2 hour, then 50 ng of a probe {CYP2D6 cDNA 
having a total length of 1 .5 kb) labeled with [a'^^P]60TP 
(Amersham) in prehybridization buffer (pH 8.0) contain- 
ing 100 ugAng of heat-denatured salmon sperm DNA 
and then heat-denatured was added, and hybrkJization 
was performed at SS^C for 8 to 12 hours. After hybridi- 
zation, the nylon membrane was washed with one por- 
tion of 2 x SSC-0.1% SDS at room temperature for 15 
minutes and one portbn of 0.5 x SSC-0.1% SDS at 
50'*C for 15 minutes, then air-dried and subjected to 
autoradiography at -80*C for 12 to 16 hours. 

(3) Results of analysis and discussion 

Peripheral blood samples were taken from PMs 
showing a logio metabolic ratio (MR » unchanged 



drug/hydroxylated form metabolite; a PM is defined as a 
subject with logioMR > 1.1) of 1.50 in human metabo- 
lism testing using the antihypertensive debrisoquin and 
their parents as weD as extensive metabolizers (herein- 

s after abbreviated as EMs). and genomic DNA samples 
were prepared according to the procedure mentioned 
above under (1). 

Each genomic DNA thus prepared was treated with 
the restriction enzyme EcfiRI or 22ial according to the 

10 procedure mentioned above under (2) and subjected to 
Southern blot analysis. 

As a result, in the analysis for CYP2D6 of the 
EcoRI-treated samples from PMs and their parents, 
bands of 16.0, 9.4 and 8.6 kb were confimned in com- 

16 mon. 

Meanwhile, two pseudogenes CYP2D7 Bvd 
CYP2D8 very highly homologous in base sequence to 
CYP2D6 have been reported and it is known that, 
according to Southern blot analysis after ^Rl treat- 
20 ment, CYP2D6 and these pseudogenes give bands of 
94, 16.0 and 8.6 W>, respectively [cf. e.g. Kimura, S. et 
al.. fio. £11.]. 

Similarly, analysis of the samples mentioned above 
after Xba l treatment gave, commonly in three subjects, 

25 bands of 29.0 and 4.8 M> while, in PMs and their fathers, 
an additional band was observed at 1 1 .5 kb. 

A number of investigations so far made concerning 
the above-mentioned Southern blot analysis following 
Xbal treatment indicate gene polymorphism in which 

30 bands of 44.0. 29.0. 1 1 .5 and 16.0 + 9.0 kb are involved. 
According to these r^orts, the 29.0 kb band is detected 
when three CYP2D genes are tocated in the order 
CYP2D8. CYP2D7 and CYP2D6 from the 5' side, and 
the 44.0 kb band is detected when one more CYP2D7 is 

35 added to the above three genes and they are tocated in 
the Older CYP2D8. CYP2D7, CYP2D7 and CYP2D6 
from the 5* side. It Is also reported thai the 1 1 .5 kb band 
indwates complete deficiency of CYP2D6 (type D muta- 
tion) [Johansson. I.. Yue. Q. Y. Dahl. M. L, Heim, M., 

40 Bertilsson. L, Meyer. U A.. Sjoqvist. F. and Ingelman- 
Sundberg. M.. Eur. J. Clin. Pharmacol.. 41. 553-556 
(1991)] and that when the 16.0 and 9.0 kb bands are 
simultaneously detected, there is a genomic DNA muta- 
tion between CYP2D7 and CYP2D6. 

45 In view of the foregoing, it was supposed that PMs 
have the type D mutation in which one of the alleles is 
completely deficient in CYP2D6 and which is inherited 
from their fathers. 

$0 Reference Example 2 

fiftprrh fnr mutetinn of CYP2D6 cene bv PGR analvsls 

(1) Primer designing or selection 

55 

For detecting the type A mutation and type B muta- 
tion in the CYP2D6 gene, primers were designed such 
that these mutation sites of the CYP2D6 gene atone are 
specifically amplified. Further, for judging of the type A 
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mutation, two primers (A'-SW and A'-SM) were 
designed by allocating the mutation site to the 3' termi- 
nus with a difference by one base for selectivity. 

The base sequences of these primers and the sites 
of occurrence thereof are shown in Fig. 1 . 

(2) Primer purification 

The primers designed or selected as mentioned 
above In (1) were prepared and purified as follows. 
Thus, each oligonucleotide synthesized and detrityiated 
with 3 ml of 29% ammonia water was cut off from the 
resin with 3 ml of 29% ammonia water and incubated at 
60*0 for 4 hours. The ammonia vrater was evaporated, 
the pellet obtained was dissolved in 20 nl of formamide 
dye. and the solution was heated at lOC^C for 5 minutes 
and then subjected to 20% denatured acrylamide gel 
electrophoresis. The buffer solution used for the electro- 
phoresis was 1 X TBE. 

After electrophoresis, the oligonucleolide-contain- 
ing g^ portion was located by UV irradiation and then 
excised, extruded using a 1-ml syringe and crushed. 
STE (5 ml) was added threreto and extraction was 
effected for 10 to 12 hours with slowly rotating on a rota- 
tor. The extract was heated at lOO'^C for 10 minutes and 
then centrifuged at 3.000 rpm for 10 minutes. The 
supernatant was passed through a DEAE-Sephadex A- 
50 column equilibrated beforehand with TE buffer for 
thereby cause adsorption of the oligonucleotide. Elution 
was can-led out by passing through the column 1 50 al of 
1.5 M sodium chloride-10 mM Tris-HCI (pH 7.5). 200 jil 
of 0.1 N sodium hydroxide-1 mlWI EDTA and 50 of 10 
ml^ Tris-HCI (pH 7.5) in that order. For immediate neu- 
tralization of the eluate. 50 fil of 1 M Tris-HCI (pH 7.5) 
was placed beforehand in the tube for recovering the oli- 
gonucleotide. The thus-neutralized solution was sub- 
jected to ethanol precipitation, the oligonucleotide 
obtained was dissolved In an appropriate amount of 
purified water and quantitated by measuring the absorb- 
anceat260 nm. 

(3) Genomic DNA amplification by PGR for detecting 
type A mutation in CYP2D6 gene 

The genomic DNA containing type A mutation 
(deletion of one base at 2637th position in exon 5 in the 
genomic DNA) in the CYP2D6 gene was amplified by 
PGR using a DNA thermal cyder (Perkin Bmer Getus) 
asfollaws(cf- Fig. 1). 

Thus, to 1 1*1 of the genomic DNA solution (50 ng/jil) 
prepared in Reference Example 1 (1) were added 17.5 
^1 of purified water. 1 jil of 5 mM deoxyribonudeotide 5'- 
triphosphate (dNTP) solution, 2.5 jii of 10 x PGR solu- 
tion (10 mWI). 1 \i\ of 10 sense primer (A-S) and 1 >il 
of 10 jaM antisense primer (A-AS). The mixture was 
boiled for 5 minutes and then cooled with ice for 3 min- 
utes. To this was added 1 jil of Taq DNA polymerase (1 
U/fU) to make the total volume 25 jil. After further layer- 
ing of an equal volume of mineral oil thereon, the reac- 



tion was conducted by cyding at 94«C for 1 minute. 
55'C for 2 minutes and 72''C for 2 minutes over 25 
cydes. 

After oonrpletion of the reaction, the mineral oil was 
5 removed, phenol extraction, chloroform extraction and 
ethanol predpitation were carried out in that order, and 
the DNA fragment obtained was dissolved in 30 ^1 of 
TE. 

The DNA fragment amplified was identified as the 
10 CYP2D6 gene based on its band length (757 bp) and by 
restriction enzyme (fiffll and ExuH) treatment, followed 
by observation of 350. 204 and 203 bp bands after ^1 
treatment and of 464 and 295 bp bands after £yul I treat- 
ment. 

IS If, in the above procedure, the GYP2D7 gene is 
amplified, bands are observed at 400 and 350 bp upon 
Ava l treatment and. if CYP2D8 is amplified, bands are 
observed at 431, 146, 90, 70 and 27 bp upon PyyII 
treatment, so that these can be clearly distingushed 
20 from the above-mentioned GYP2D6. 

(4) Judgment about type A mutation in CYP2D6 gene 

Judgment was made about the type A mutation in 
25 the CYP2D6 gene using the two sense primers (A'-SW 
and A'-SM) differing only by one base at the 3' terminus 
In combination with the antisense primer (A-AS) used in 
the above step (3) and using the sanrple solution pre- 
pared in the above step (3). as fdlows. 
30 Thus, to 1 1ll of the sample solution prepared in (3) 
were added 1 7.5 \i\ of purified water. 1 |il of 5 mM dNTP 
solution. 2.5 ^1 of 10 X PGR sdution (7.5 mM). 1 of 10 
M sense primer (A*-SW or A'-SM) for judgment and 1 \i\ 
of 10 M antisense primer (A-AS). The mixture was 
35 boiled for 5 minutes and then coded with ice for 3 min- 
utes. Taq DNA polymerase (1 U/iU; 1 ^1) was added to 
make the total volume 25 jJ. further an equal volume of 
mineral oil was layered thereon and the reaction was 
effected by cyding at 94«G for 1 minute. 55°G for 1 
40 minute and 72*G for 1 minute over 25 cydes. After com- 
pletion of the reaction, the mineral oil was removed and 
the reaction mixture was subjected to electrophoresis 
on a 1 .5% agarose gel containing 0.02% ethidium bro- 
mide (EtBr), to make a judgment, 
45 0\ the sense primers differing only by one base at 
the 3' terntinus. A'-SW is intended for specific amplifica- 
tion of the wild strain alone and A'-SM for specific ampli- 
fication of the type A mutant alone, so that when a 451 
bp band is observed on the A'-SW side alone, the type 
so in question can be judged as wild type, when the 451 bp 
band is observed on both the A'-SW and A'-SM sides, 
as heterogenic type A mutation, and when the 451 bp 
band is obsaved only on the A'-SM side, as homogenic 
type A mutation. 
66 As a result, the 451 band was observed only on the 
A'-SW side in the PM as well as in the parents. It was 
thus confirmed that the mutation in question was not the 
type A mutation. 
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(5) Gefwmic DNA amplification by PGR for detecting 
type B mutation o1 CYP2D6 gene 

The genomic DNA containing type B mutation (one 
base substitution at the 1934th position of the genomic 
DNA. i.e. at the site of exon-intron junction in axon 4) In 
the CYP2D6 gene was amplified in the same manner as 
described above in (3) using (B-S) as the sense primer 
and (B-AS) as the anlisense primer. 

The DNA fragment amplified was identified as 
CYP2D6 based on its band length (533 bp) and by 
restriction enzyme (A^l) treatment follcwed by obser- 
vation of 31 1.146 and 76 bp bands. If, in the above pro- 
cedure, CYP2D7 or CYP2D8 is amplified, bands are 
observed at 457 and 76 bp after treatment with ^1, 
hence a clear distinction can be made between these 
arKJ the above-mentioned CYP2D6. 

(6) Judgment about type B mutation in CYP2D6 gene 

Judgment can be made about the type B mutation 
in the CYP2D6 gene by utilizing the disappearance of 
the recogniton site for the restriction enzyme liasi as a 
result of the one base substitution at the exon-intron 
junction site in exon 4. 

Thus, to 10 fil of the sample solution prepared as 
described above in (5) were added 2 ni of 10 x M solu- 
tion. 2 |U of Mifil (10 U/jil) and 6 Hi of purified water to 
make the total volume 20 jil. The resulting mixture was 
incubated at 37*C for 2 hours and then subjected to 
electrophoresis using a 2% agarose gel. 

When a 279 bp band is observed, the type in ques- 
tion can be judged as wild type, when bands are 
observed at 384 and 279 bp. as heterogenic type B 
mutation and. when a 384 bp band is observed, as 
homogenic type B mutation. 

As a result, the 279 bp band was observed with the 
PM as well as with the parents. It was thus confirmed 
that the mutation is not the type B mutation. 

Example 1 

Analysis of CYP2D6 oene t> ?Re seauence In PM 
(1) Primer designing and purification 

Primers were designed so that all the exon and 
exon-intron junction sites off the CYP2D6 gene divided 
into 4 segments could be specificaUy amplified. The 
primers were each prepared and purified In the same 
manner as in Reference Example 2 and, using these, 
the respective fragments were amplified by the PGR 
method as follows. 

The base sequences of the primers employed, their 
con-ecponding sites on CYP2D6 and the respective 
fragments to be obtained are schematically shown In 
Fig. 2. The antisense primer (B-AS) employed in the 
above for amplifying the segment covering exons 2 to 4, 
and the sense primer (A-S) and antisense primer (A- 



AS) for amplifying the segment covering exons 5 to 6 
were respectively the same as those used in Reference 
Example 2. 

5 (2) Amplification by PGR of exons and exat-intron junc- 
tion sites of CYP2D6 gene 

The genomic DNA containing the exons and exon- 
intron junction sites of the CYP2D6 gene was amplified 
10 using the PGR technique, as follows. 

Thus, to 1 ^ll of tiie genomic DNA solution (50 ng/jil) 
prepared in Reference Example 1 were added 17.5 \i\ of 
purified water, 1 jil of 5 mM dNTP solution. 2.5 til of 10 
x PGR solution (10 mM), 1 jii of 10 jiM sense primer and 
16 1 .ul of 10 fiM antisense primer. The mixture was boiled 
for 5 minutes and then cooled with ice for 3 minutes. 
Thereto was added 1 Ml of Taq DNA polymerase (1 U/jil) 
to make the total volume 25 ^1 and, after further layering 
of an equal volume of mineral oil thereon, the reaction 
20 was conducted by cycling at 94*0 for 1 minute. 53°C (in 
the case off fragment F1), 48*G (F2), 55'C (F3) or SO^^G 
(F4) for 2 minutes and 72*G for 2 minutes over 25 
cycles. After completion of the reaction, the mineral oil 
was renwed. phenol extraction, chloroform extraction 
25 and ethanol precipitation were carried out in that order, 
and each DNA fragment obtained was dissolved in 20 mI 
ofTE. 

That the DNA fragnients amplified were respec- 
tively products originating from CYP2D6 was confirmed 
30 based on the respective band lengths and by ti-eating 
witii an apprqsriate restriction enzyme or enzymes (F1 : 
Hha l: F2: ^1; F3: ML EyuH; F4: Styl). followed by 
fc>and observaticxi. 

35 (3) Subdoning into BlueScript vector 

Each DNA fragment (F1 - F4) of GYP2D6 obtained 
as described above in (2) was rendered blunt-ended as 
follows. 

40 Thus, an anxxint equivalent to 500 ng of each frag- 
ment was dissolved in 20 ul of TE, the total volume was 
made 40 jil by adding 8 ^il of 2 mM dNTP. 1 \l\ of T4 DNA 
polymerase, 4 (il of 10 x T4 DNA polymerase buffer (pH 
8.8) and 7 jil of purified water, and the reaction was car- 
45 ried out at 37"C for 15 minutes. The total volume was 
made 2(K) |iJ by adding purified water, then phenol 
extraction (twice) and chloroform extraction (once) were 
carried out, 15 .ul of 3 M sodium acetate solution (pH 
5,6) and 375 |Jil of coW ethand were added to the super- 
50 natant obtained, the resulting mixture was cooled to - 
80**C and centrifuged at 12,000 rpm and 4«C for 20 min- 
utes, and the sedinrwnt was washed witii 70% ethanol 
and tiien dried. 

Since ttie above PGR products were phosphate 
66 group-free at the 5* terminus, phosphorylation was car- 
ried out as follows. Thus. 75 [aI of denaturation buffer 
(pH 9,5) was added to each blunt-ended DNA fragment, 
and tiie mixture was boiled for 2 minutes and th^ 
allowed to stand on ice for 2 minutes. The total volume 
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wa8 made 100 jil by adding 1 jil of adenosine triphos- 
phate (ATP, 50 picomoles/jil). 10 nl of 10 x Wunl end 
buffer. 12 til of purified water and 2 jil of T4 polynucle- 
otide kinase (1 1 U/jil). and the reaction was conducted 
at 37"C tor 1 hour. The total volume was made 200 ^il by 
adding purified water, then phenol extraction (twice) and 
chloroform extraction (once) were carried out, the 
supernatant obtained was supplemented w«th 15 jii of 3 
M sodium acetate (pH 5.6) and 375 jil of cold ethanol, 
the mixture was cooled to -80*'C and then centrifuged at 
12.000 rpm and 4*C for 20 minutes, and the sediment 
was washed with 70% ethanol. The sediment was dried 
and dissolved in 10 fil of purified water. In this way, the 
respective insert fragments were prepared. 

BlueScrlpt vector (2 jxg) was treated with Hingll and 
then the total volume was made 52 |il by adding 47 jiJ of 
1 M Tris-HCI (pH 8.0) and 2 hI of alkaline phosphatase 
(0.5 U/til). and the reaction was carried out at 65**C for 
30 minutes. The total volume was made 200 jil by add- 
ing purHied water and then phenol extraction (three 
times) and chloroform extraction (once) were carried 
out. To the si^ernatant were added 15 iil of 3 M sodium 
acetate (pH 5.6) and 375 jil of cold ettenol. the mixture 
was cooled to -80*0 and centrifuged at 12,000 rpm and 
4X for 20 minutes, and the sediment was washed with 
70% ethanol. then dried and dissolved in 20 ^1 of TE, In 
this way, dephosphorylation was effected on the vector 
sida 

Each CYP2D6 exon- and exon-intron junction site- 
containing fragment (100 ng) was mixed with 10 ng of 
BlueScript vector and ligation was carried out. After 
completion of the ligation reaction. 300 |il of a suspen- 
sion of competent cells was added to the DNA solution 
and the mixture was altowed to stand on ice for 20 min- 
utes. Heat shock was given thereto at 42'C over 2 min- 
utes, then 1 ml of LB solution was added, and the 
mixture was incubated for 1 hour, Iblkwed by 3 minutes 
of centrifugation at 3,000 rpm and 4*0. The supernatant 
(1 ml) was removed, the sediment was again sus- 
pended and used for seeding LB medium therewith, fol- 
lowed by overnight incubation at 37°C to give 
transformants. 

The hf>Rt Escherichia coli strain used was TGI and 
the competent cells mentioned above were prepared in 
the following manner. 

LB medium (200 ml) was sowed with 2 ml of an 
overnight culture of the Escherichia fi^li strain and cufti- 
vation was carried out at 37*C until the absort)ance at 
650 nm amounted to about 0.6. The culture was cooled 
in ice water for 30 minutes and then cells were har- 
vested and suspended in 100 ml of 50 mM sodium cal- 
cium. After 1 5 minutes of agitation by slow inversion, the 
suspension was allowed to stand on ice for 1 hour. Cells 
were then again collected and suspended in 20 ml of 50 
mM calcium chloride-20% glycerol. The suspension 
was distributed In 310-^1 portions into tubes, immedi- 
ately frozen using liquefied nitrogen and stored at - 
80**C. All the procedural steps after cell han/esting were 
carried out in a low temperature room (4'C). 



(4) Small quantity preparation of double-stranded DNA 

A transformant colony obtained in the above man- 
ner was recovered and cultured in 3 ml of LBAmp* 
6 medium. Cells were recovered by centrifuging this cul- 
ture fluid and small quantity preparation of the pEasmtd 
DNA was carried out in the following manner. 

Thus, 1.5 ml of the above culture fluid was trare- 
fen-ed to a tube and centrifuged at 5.000 rpm for 5 min- 
10 utes, the cell sediment was recovered and suspended in 
200 \x\ of 10 mlVI EDTA solution, 400 nl of 1% SDS-0.1 
M sodium hydroxide solution was added, and the mix- 
ture was allowed to stand on ice for 5 minutes. After 
addition of 200 nl of 5 M potassium acetate, the resutt- 
15 ant mixture was cooled on ice for 5 minutes and then 
centrifuged at 13,000 rpm for 5 minutes. The superna- 
tant was transferred to another tube and 700 of iso- 
propanot was added. The mixture was centrifuged at 
13,000 rpm and 4*C for 5 minutes, the sediment 
20 Obtained was suspended in 100 jil of 20 mM Tris-Ha 
(pH 7.5)/10 mM EDTA solution, 1 jil of RNase I (10 
mg/ml) was added and the mixture was incubated at 
65'*C for 15 minutes. After phenol extraction and chtoro- 
form extraction, 12 jil of 3 M sodium acetate (pH 5.6) 
25 and 224 ^1 of cold ethanol were added, the mixture was 
cooled to -80*C and then centrifuged at 13,000 riMn and 
4'C for 10 minutes, and the sediment was washed with 
70% ethanol. After drying, the sediment was dissolved 
in 20 of TE. By subjecting the plasmids recovered to 
30 treatment with restriction enzymes selected based on 
the multidoning site of the vector and the restriction 
enzyme map of the insert DNA fragment, followed by 
agarose gel electrophoresis, it was confirmed that inser- 
tion of the respective DNA fragments had been 
35 achieved as desired. 

(5) Subdoning into Ml 3 vector 
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The direction of the insert DNA fragment in the 
plasmid was confirmed by treatment with restriction 
enzymes selected on the basis of the multlcloning site 
of the vector and the restriction enzyme map of the 
insert DNA fragment. 

Lgation was carried out for inserting the fragments 
recovered after treatment with two restriction enzymes 
(EcoRI and Bam HI) having their recognition sites only in 
the muWdoning site of the vector into the Ml 3 vector 
treated in the same manner as these fragments. To 30 
^1 of each DNA solution (100 ng) obtained after comple- 
tion of the ligation reaction was added 300 jil of a sus- 
pension of competent cells, and the mixture was 
allowed to stand on ice for 40 minutes. After giving heat 
shock at 42*C for 2 minutes, 3 ml of H top agar was 
mixed with 200 of an overnight culture of Escherichia 
ooli and the mixture was spread on H agar medium, fol- 
lowed by overnight inclination at 37'C to give transfonn- 
arts. The host Escherichia coli strain used was JM103. 
The corrpetent cells were prepared by the procedure 
mentioned above in (4). 



8 



15 



EP0759476A1 



16 



(6) Preparation d single-stranded phage DNA 

Single-strarxled phage DNA preparation was car- 
ried out as follows. Thus, a transformant plaque was 
recovered and cultivated in 3 ml of 2 x TY medium for 6 
hours. A 1.5-ml portion of this culture fluid was centri- 
fuged at 15,000 rpm for 5 minutes (twice) arxJ the super- 
natant was recovered. To 1.3 ml of the supernatant was 
added 200 ^1 of 20% polyethylene glycol (PEG)-2.5 M 
sodium chloride. The mixture was allowed to stand at 
room temperature for 1 5 minutes and then centrifuged 
at 15.000 rpm for 5 minutes to cause the phage DMA to 
precipitate. After 2 minutes of further ceritrifugation at 
15,000 rpm, the supernatant was completely removed, 
the sediment was dissolved In 200 of TE. 100 jil of 
phenol was added arui. after stirring, the mixture was 
allowed to stand at room temperature for 15 minutes. 
Further, 100 jal of chloroform was added and the same 
procedure was performed, followed by 5 minutes of oen- 
trifugation at 10,000 rpm. A 150-|il portion of the super- 
natant was taken, 15 fxl of 3 M sodium acetate (pH 5.6) 
solution and 375 jaI of odd ethanol were added, and the 
mixture was cooled to •dO'^C for ethanol precipitation. 
Centrifugation was performed at 12,000 rpm and 4*C 
for 20 minutes and the sediment was washed with 70% 
ethanol. The sediment was dried and dissolved in 20 ^ 
of TE for recovering a single-stranded DNA. Agarose 
gel electrophoresis was performed and, by using, as a 
control, the single-stranded DNA prepared from the 
Ml 3 vector free of any fragment and based on the fact 
that a band of low mobility was detected, it was con- 
firmed that the fragment had been inserted as intended. 

(7) Armlysis of base sequences of exons and exon- 
intron junction sites of CYP2D6 gene 

Base sequence analysis was performed using the 
single-stranded DNA obtained as desoibed above in 
(6) by the method described in the literature [Sanger, R, 
MiWen. S. and Coulson. A. R.. Proa Natl. Acad. Sci., 
U.S.A.. Zi 5463-5467 (1977)], as follows. The 
sequencing reaction was carried out according to the 
manual attached to Sequenase™ VER. 2.0. 

Thus, first, 7 ^l of the template DNA (700 ng), 1 >il 
of the primer (1 picomole/nl) and 2 ^1 of 5 x annealing 
buffer (pH 7.5) were mixed, the mixture was heated at 
65**C for 2 minutes and then gradually cooled for 
annealing off the primer with the template DNA. Then, 1 
^1 of 0.1 M DTT 2.0 fil of labeling mix, 0.5 \i\ of [a- 
^^PJdeoxyadenosine 5'-triphosphate (dATP) and 2 fil of 
8-fbld diluted Sequenase were added, and the mixture 
was incubated at room temperature for 2 to 5 minutea 
During that time, the reaction terminator solution con- 
taining the four dideoxyNTPs was distritDuled in 2.5 p\ 
portions into tubes and preincubated at 37''C. After 
completion of the reaction, the reaction mixtures were 
respectively added in 3.5 ^1 portions to the termination 
solutions, followed t^y 5 minutes of further incubation at 
37**C. Formamide dye solution (4 jiJ) was added and 



each mixture was boiled for 2 minutes and then applied 
to a gel. The gel was a sucrose density gradient gel with 
a gel thickness of 0.4 mm prepared by using a 60 cm 
glass plate. To 40 ml of g^ A solution and 1 5 mi of gel B 

5 solution were added 32 \i\ of 20% N.N.N'.N -tetramethyl- 
ethylenediamine (TEMED) and 9 ^1 of 10% amnxmium 
persulfate (APS), respectively The gel A solution and 
gel B solution were drawn, in that order, into a 50-ml dis- 
posable syringe and gently stirred by sucking 2 or 3 

w bubbles, and the mixture was poured into the glass 
plate. The remaining space was filled with the top gel. 
Electrophoresis was performed at a constant voltage of 
2.500 to 3,000 V for 2 to 7 hours using 1 x TBE. There- 
after, the gel was immersed in 10% acetic acid-10% 

15 methanol for 1 5 minutes for DNA fixation and then dried 
under suction using a gel drier An X-ray film was 
exposed thereto overnight at -ao**C. 

(8) Results of analysis and discussion 

20 

As a result of analysis of the base sequence of 
each of the PM<lerived exons and exon-intron junction 
sites, insertion of a repetition of the 9-base sequence 
TCACCCGT (4213-4222 bp) in exon 9 (4213 bp) was 

25 established (Fig. 3). 

It was deduced that this insertion results in insertion 
of three amino adds (valine, proline, threonine). This 
site was located invnediately behind the hem binding 
region (HR-2 region), which Is an iron binding site 

30 important in drug oxidation reactions and has an impor- 
tant role in the hem protein P450. It was surmised that 
the insertion of three amino acids resulting from said 
base insertion exert some influence on the metabolic 
activity in PMs. remarkably decreasing the metatx>lic 

35 ability. 

The above-mentioned mutation in the CYP2D6 
gene is a novel type of mutation not yet reported so far 
and this mutation was considered as a cause factor to 
PMs. 

40 

Example 2 

Detection of novel mutation in CYP2D6 oene fPCR- 
RFLP) 

45 

(1) Primer designing and purification 

A sense primer was designed such that it contains 
the insertion site, which is the novel mutatton site, in 

50 exon 9 and allows specific amplication of CYP2D6 
alona The antisense primer used was the same as that 
constructed in Example 1 (9-AS). The primers selected 
and their locations are shown in Fig. 4. 

Each primer was purified in the same manner as in 

56 Reference Example 2. Using these primers, the 
genomic DNA of exon 9 was amplified by the following 
PGR method. 
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(2) Amplification of exon 9 of CYP2D6 gene by PGR 

To 1 of the genomic DNA solution (50 ng/^0 pre- 
pared in Reference Example 1 were added 17.5 ^1 of 
purified water. 1 m^I of 5 mM dNTP solution. 2.5 (il of 10 
X PGR solution [in this example atone, its conposition 
was: 200 mM Tris-HGI (pH 8.4). 250 mM potassium 
chlorkle, 0.5%Tween 20. 1 mg/ml gelatin. 10 mM mag- 
nesium chloride]. 1 ^l of 10 )lM sense primer (9-S} and 
1 jil of 10 jiM anlisaise primer (9-AS). The mixture was 
boiled for 5 minutes and then cooled on ice for 3 min- 
utes. To this was added 1 ^1 of Taq DNA polymerase (1 
U/|il) to make the total volume 25 |il and. after further 
layering of an equal volume of mineral oil thereon, the 
reaction was carried out by cycling at 94''G for 1 minute, 
55*G for 1 minute and 72''C for 2 minutes over 25 
cycles. 

After the reaction, the mineral oil was removed, 
phenol extraction, chloroform extraction and ^anol 
prec^itation were performed in that order, and the DNA 
fragment obtained was dissolved in 20 ^1 of TE. 

That the DNA fragment amplified was derived from 
CYP2D6 was confirmed on the basis of its band length 
(334 bp) and observation, following restriction enzyme 
(Stv l. ASD7181 treatment, of a 257 bp band and a 77 bp 
band upon St^l treatment and of a 189 bp band and a 
145 bp band upon Aso718 treatment. If. on that occa- 
sion. GYP2D7 is amplified, a 331 bp band will be 
observed after Sty! treatment and if GYP2D8 is ampli- 
fied, a 320 bp band will be observed after ^718 treat- 
ment; thus, dear differentiation from these is possibta 



present invention was established thereby. This muta- 
tion in the MP thus proved to have been inherited from 
the mother. In the figure. FP indicates the father of the 
PM and the result for an EM Is also shown In the figure. 
5 It is apparent from the atxjve results that the detec- 
tion of a novel mutant of the CYP2D6 gene according to 
the present invention is useful for the genetic diagnosis 
of PM. 

10 INDUSTRIAL APPLICABILITY 

In accordance with the present invention, a novel 
mutation is revealed in the CYP2D6 gene and a method 
of detecting a novel CYP2D6 gene polymorph contain- 

16 ing such mutation is provided. 

By detecting said CYP2D6 gene polymorph, gene 
diagnosis becomes possible in PMs, in pgulicular in 
PMs in whom the causative factor is other than the 
known GYP2D6 gene polymorphs. Thus, said detection 

20 mattod is very useful, for example, in diagnosing, pre- 
dicting or investigating causes of adverse effects of var- 
ious drug substances. 

Ctalms 

25 

1 . A method of detecting a polymorph of the human 
cytochronrra P450 2D6 gene which comprises 
detecting the occurrence, in exon 9 of the human 
cytochrome P450 2D6 gene, of an insertion of a 
30 repetition of the 9 bases TCAGCGGTG. 



(3) Judgment about insertion in exon 9 of GYP2D6 gene 
by restriction enzyme treatment of PGR products 

35 

The judgment was made by treating the DNA frag- 
ment amplified above in (2) with the restriction enzyme 
Sty l followed by band length determination (Fig. 5). 

Thus, to 10 \i\ of the sample solution prepared in (2) 
were acteled 2 fil of 10 x H solution, 2 fU of Sbll (10 U^il) 40 
and 6 ^1 of purified water to make the total volume 20 ^1. 
The resulting mixture was incubated at 37°C for 2 hours. 
After the reaction, phenol extraction, chbroform extrac- 
tion arxJ ethanol precipitation were performed in tfiat 
order, and the DNA fragment was dissolved in 5 ^l of TE 45 
and subjected to electrophoresis using a 10% acryla- 
mide gel. When a 77 bp band was observed, the DNA In 
question was judged as wild type, when the 77 bp band 
and a 86 bp band were observed, as heterogenic 
mutant and, when a 886 bp band was observed, as so 
homogenic mutant (Fig. 6). 



(4) Results and discussion 



The residts of testing a PM and the parents of the ss 
PM for detecting the above-mentioned novel nroitatlon In 
the CYP2D6 gene are shown in Fig. 7. The 86 bp band 
was observed in the PM and the mother (in the figure, 
MP) and the mutation Onsertion) concerned with the 
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Fig. 1 



757 bp 

A'-SMorW_ ^ 
451 bp 



A-AS 




Abbreviation 



Sequence 



5*. TCTGTACCTCCTATCCACGTCA - 3' 
5'- CCTCGGCCCCTGCACTGTTT - 3' 
A*-S-W 5 - GCTAACTGAGCACA - 3* 
A'-S-M S'- GCTA ACTGAGC A CG - 3* 

5*- CCGCCT7CGCCAACCACT - 3* 
5"- GAAACCTAAAATCGAAATCTCTG - 3* 



A-S 
A-AS 



B-5 
B-AS 



Location 

23n6 - 2337 
3072 - 3053 
A525 - -JSBB 
^525 - A$3Z 
1825-1843 
2358 . 2336 
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Fig. 2 



1-S 



A-AS 




1Kb 



Abbreviation 
2-s 

7-S 
9-AS 



Sequence 

5 - ACAGTCAACACAGCAGGTTCA - 3* 
5-- CCACCATCCATCrrrGCTTC - 3- 

"TTGCGGCGCCGCTTCGGGGA - 3* 
5*- AAGGAGTGTCAGGCCCGGA - 3' 
5*- TCAGCCTCAACGTACCCCT - 3' 



Location 

-85 - -66 
339 - 320 
972-991 
31S3 -3201 
^501 - ^83 
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Fig. 3 
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Fig. 4 



9 -S 9 -AS 

— 334 bp ^ 

g 




Abbreviation Sequence Location 

g-S 5 - AGCTCTTCCTCTCTTCACC - 3" 41 67 - -'JT S6 



Fig. 5 



— 334 bp 

Wild Hype 77 bp 257 bp 

s 

i 



Mutant 86 bp 257 bp 
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Fig. 6 



Heterogenic 




85 bp 
•77 bp 



Fig. 7 




86 bp 
77 bp 



15 



EP 0759 476 A1 



INTERNATIONAL SEARCH REPORT 


International application No. 




PCT/JP95/00861 


A. CLASSIHOVnON OF SUBJECT MATTER 




Int. Cl^ C12Q1/68 




Aooording to latenutioiul Patent Qwification (IPC) or to bolfa lutionfll classification and IPC 


B. FIELDS SEARCHED 



Minimum documcoutioD searched (cUssification lystem followed by dissificatioa tymbols) 



mt. Cl^ C12Q1/68 



DociunenutioD searched othcf than mioimum documestatioo to the eKieoi that such documeoa are iod tiled in (be ficlda learcfaed 



Etectroiiic dau base consulted duritig the iatenutioDal search (luioe of dau base aodt where practicable, search terms used) 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Olstion of document, with indicaiioa, where appropriate, of Ibe relevant passages 



Relevant to daim No. 



JP, 5-503845, A {Imperial Cancer Research 

Technology Ltd.), 

June 24, 1993 (24. 06. 93) 

& WO, 9110745, A & EP, 511262, Al 

& GB, 2256271, B & AU, 642705, B 



La Roche AG. ) , 



JP, 5-211895, A (F. Hoffmann - 
August 24, 1993 (24. 08. 93) 
& EP, 463395, A & CA, 2045012, A 
& NZ, 23B610, A & AU, 645091, B 



Proc, Natl. Acad, Sci. USA, Vol. 90, No. 24 

December 15, 1993 (15. 12. 93), 

I. Johansson (Inherited amplification of 

an active gene in the cytochrome P450 

CYP2D locus as a cause of ultrarapid metablism 

of debrisoquine) p. 11825-1 1829 

Pharmacogenetics, Vol. 1, No. 1, 1991 (91), 
R. Tyndale (Identification of a new variant 
CYP2P6 allele lacking the codon encoding 



I xl Further documents are listed in the continuation of Box C. Sec patent Oainily annex. 



■A" 



SpccisI categortcs of cited il 

doaimcst ilcilidiig (he feoeml sU(c of the art wbicb b oot ooasideml 
to be of ptnicular rtlcvisce 

earlier ttocameat but puUished oo oraftertfaeialemttioaal Rltag date 
documcot which nay throw doubts od priority ctain^s) or whkii b 
cited to esublish the pubticatioa dale of uoiber dutioa or other 
special reaioe (ei speafied) 

document referring Ui an oral diadosnrc, mc. exhibillos or olher 



docttiiMBi pubUsbed prior lo the latetutiosii (Iliog dale but later ihaa 
Ibe priority date daimed 



*^ latcrdoctuDcmpublishcdaCiertbehiteniatwoal filing dalcorpiwriry 
date and not IB ooefUa with ibe appUcatioa Inii dttd to nadentasd 
the principle or tteory uoderiyiog the iaventioa 

"X" docuauQi of particuUr rekwaooB; the claimttf iavealioa caanol ha 
ooBsidcrvd dovcI or cauwi be coastderod co iavohre ao iavcotive 
itep wfaes ike rinrumf i a ukeu alooe 

"V documeai of particular fdcvautt; ibe daimed invEntcoa aanoi he 
coas»d«rtd lo iovolve aa ioventiva step wbtn Ibe docunwal is 
oopUsed with one or more other sai^ documents, such oombiuaboa 
tieias obvious to a peisiD akilted ie the art 

doGumcm oembcr of the same patcoi Canity 



Date of the actual completioa of the intenatiooal search 
July 31, 1995 (31. 07. 95) 


Date of mailing of the international search report 

August 22, 1995 (22. 08. 95) 


Name and mailing address of the ISA/ 

Japanese Patent Office 
Facsimile No. 


Authorized officer 
Telephooe No. 



Form PCT/ISA710 (second sheet) (July 1992) 



16 



EP0759476A1 



INTERNATIONAL SEARCH REPORT 



loteroational applicatioa No. 

PCT/JP95/00861 



C (Continuaticm). DOCUMENTS CONSIDERED TO BE REJ-EVANT 



Category* 



Gtation of documeoU with indicatioiv wticre appropriate, of the relevant passages 



Relevant to daim Na 



Lys-261} possible association with the poor 
metabolizer phenotype) p. 26-32 

Pharmacogenetics, Vol. 4, No. 2, 1994 (94) 
M. Armstrong (The cytochrome P450 CYP2D6 
allelic variant CYP2D6J and related polymorphi- 
sms in a European population) p. 73-81 



Form PCryiSA/210 (oootiinnlioa of seoood sheet) (July 1992) 



17 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 



□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




URRED OR ILLEGIBLE TEXT OR DRAWING 



